Autopsies were performed between 1957 and 1987 on 31 patients with traumatic spinal cord injuries. Among these there were nine patients with hypertension injuries to the cervical spine composed of four patients with hyperextension injuries to the arthritic spine, three patients with hyperextension injuries to the rigid cervical spine, one patient with a self reduced posterior subluxation, and one patient with a hyperextension fracture-dislocation. The sex, age, clinical course, bone injuries revealed by roentgenograms, level and grade of neuro logical deficits, survival time, and findings of postmortem studies of those nine patients with hypertension injuries are presented in Table I . The methods employed in this study were the same as those that were described in my report on the pathology of cervical intervertebral disc injuries. 1 This paper illustrates the pathological features of six of these cases and discusses the mechanism of the spinal cord lesions in various types of injuries.
an extension mechanism. He had immediate bilateral numbness of the upper and lower extremities and paresis below C4, and incon tinence of urine and faeces. The neurological deficit progressively deteriorated and complete paralysis developed 4 days later. He died on the 21st day after injury.
The roentgenograms showed a slight degree of spondylosis with no bone injury. Autopsy revealed rupture of the intervertebral discs at the C3-4, C4-5, C5-6, and C6-7 interspaces.
The posterior ligament complex was not rup tured and the spine was stable on anteflexion.
Spinal cord atrophy extended the whole length of the cervical spine together with a few small areas of focal softening, and necrosis was observed (Fig 1) .
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Case 3
A 73 year old man was struck by a car and sustained a bruise on the forehead. He had immediate complete motor paralysis below C6.
Position sense was preserved and he could tell when he wanted to urinate.
The roentgenograms showed moderate cerv ical spondylosis deformans with no bone injury.
His condition steadily deteriorated with blood urea nitrogen level exceeding 100 mg/dl. He died from renal failure on the 27th day after the injury.
Postmortem examination showed ruptures of the anterior longitudinal ligament at the C4-5, C5-6, and C6-7 interspaces, extending through the intervertebral disc to the intact posterior longitudinal ligament. Extreme hyperextension of the spine was possible at the level of the injuries but it was stable on anteflexion. No intervertebral disc protrusion into the spinal canal was noted when vertical compression was applied to the spinal column (Fig 2a) anterior tract on the right side at the level of C4-S intervertebral space (Fig 2c) .
Case 4
A 64 year old man fell from a height of 2.S m and struck himself on the face. The patient immediately developed complete motor paraly sis below CS and only tactile sensation was preserved to both thighs. His condition pro gressively deteriorated and he died 26 days later of pneumonia.
Roentgenograms showed moderate osteoarth ritic changes in the cervical spine with ossifica tion of the anterior longitudinal ligaments at the C4-S and C5-6 interspaces. There was no bone injury to be seen in the roentgenograms except for a fracture of an osteophyte at the anterior lower margin of C6 vertebra (Fig 3a) . (Fig 6b) .
Discussion
Barnes2 recognised two types of hyper extenion injuries of the cervical spine: (1) injury to an arthritic spine which occurs in patients more than 50 years of age and (2) posterior dislocation which occurs under 50 years of age. In this series, hyperextension injuries to the arthritic spine were encoun tered in four patients over 64 years of age (cases 1, 2, 3, and 4). All cases showed no bone injury in the roentgenograms. Bed brook3 emphasised the multiplicity of the injury in hyperextension injury of the cerv ical spine. The anterior longitudinal liga ments and intervertebral discs of the illustrated cases were ruptured at two or three levels (Table I) .
With regard to the mechanism of cord injury due to hyperextension injury of the arthritic cervical spine, according to Taylor4 . the cord is trapped anteriorly by the osteo phytes and posteriorly by the inward bulging of the ligamentum flavum, while SchneiderS claims that the cord is compressed or squeezed in several places, causing intra medullary haemorrhage giving rise to an acute central cervical spinal cord injury syndrome. Oedema over a length of the cord with small multiple focal softenings or necrosis in the central portion of the cord was observed and three out of four patients showed incomplete paralysis.
Guttmann" described five cases of exten sion injury of ankylosing cervical spondylitis and suggested that the determining factor in the mechanism of extension injury to the spine is the rigidity of the vertebral column. Rigidity prevents flexion and rotation which is the most common mechanism in fracture dislocation of the spine in subjects without an ankylosed vertebral column. In this series, the rigidity of the cervical spine was due to ankylosing hyperostosis in two pa tients (cases 5 and 6) and to ossification of the posterior longitudinal ligament in one case (case 7). Injuries of the spine were at a single site and no bone injury was observed head and neck go into hyperextension with out any element of compression, the spinous and articular processes are forced together and act as a fulcrum, causing the longitu dinal ligament to rupture. Separation then occurs between the cancellous bone of the vertebral body and adjacent cartilaginous endplate or between the endplate and the disc proper. The portion of the cervical spine above the separation continues backward, stripping the longitudinal liga ment away from the vertebral body below, thus carrying the spinal cord backward against the sharp leading edge of the lamina of this lower vertebra and causing a con tusion of the cord at this level. In this type of dislocation, there is nothing to prevent spontaneous reduction. This usually occurs to such a degree that subsequent roentgeno grams appear normal.
Case 9 shows another type of extension injury of the cervical spine which shows a forward displacement. Therefore, Burke9 called it hyperextension injury masquerad ing as flexion injury. Forsyth8 described the mechanism of this injury as follows. As the head and neck are forced into hyper extension, the head moves through an arc. The hyperextension force is first directed backward and then downward, and, if al lowed to continue, it will finally be travel ling in a forward direction. When the neck goes into hyperextension, the relatively inelastic anterior longitudinal ligament may rupture. As the anterior longitudinal liga ment does not rupture until very late in the brief span of time when the hyperextension force is acting, the force acts on the downward segment of its arc and is trans mitted to the articular process. The articular processes or pedicles are compressed and fractured, and the hyperextension force is still acting in a downward and now some what forward direction. The force can now actually push the body of the vertebra forward, since the effectiveness of the articular processes in preventing this type of displacement has been eliminated. The characteristic findings on roentgeno-grams after hyperextension fracture-dis location are anterior displacement of the fractured vertebra to a mild or moderate degree, multiple small fractures of the pos terior bone elements, and sometimes the characteristic little chip of bone pulled away from the anterior inferior margin of the body of the displaced vertebra. The frac tures of the posterior bone elements usually consist of upward compression or displace ment of the inferior articular process of the vertebra above.
The pathological findings of case 9
demonstrate clearly that the mechanism of this injury postulated by Forsyth8 is quite correct. Roentgenograms of case 9 also show the same findings as were described by Forsyth.
It must be noted that in every patient the anterior longitudinal ligament was found to be disrupted.
